Homogenates of the submaxillary glands of mature domestic boars were incubated with radioactively labelled C19 steroids. The metabolism of [7\g=a\-3H]dehydroepiandrosterone and [7\g=a\-3H]androstenedione was primarily to the end products 5\g=a\-androstane-3,17-dione and androsterone, but some testosterone, 5\g=a\-dihydrotestosterone and 5\g=a\-androstane-3\g=a\,17\g=b\-diol were also formed. When [7\g=a\-3H]5-androstene-3\g=b\,17\g=b\-diol was used as a substrate, the major metabolite was testosterone. Both [7\g=a\-3H]5-androstene-3\g=b\,17\g=b\-diol and [ 1\ g=a\ , 2\ g=a\ -3H] \ x=req-\ testosterone were converted to 5\g=a\-dihydrotestosterone and high yields of 5\g=a\-androstane\x=req-\ 3\g=a\,17\g=b\-diol, but only small yields of 5\g=a\-androstane-3\g=b\,17\g=b\-diol and androsterone were obtained. High yields of 5\g=a\-androstane-3\g=a\,17\g=b\-diol and to a lesser extent 5\g=a\-androstane\x=req-\ 3\g=b\,17\g=b\-diol were formed from the substrate [1\g=a\,2\g=a\-3H]5\g=a\-dihydrotestosterone.Conversely, when both 3H-labelled androstanediols were used as substrates, 5\g=a\-dihydrotestosterone was formed in equal amounts together with a large yield of 5\g=a\-androstane-3\g=a\,17\g=b\-diol from the 3\g=b\-epimer. There was no evidence for steroid sulphatase or aromatase activity in these incubations. These findings support the prohormone concept that precursor steroids of testosterone, known to be present in boar testis, could act as an additional source of potent androgens in peripheral target organs to androgens in this species.
INTRODUCTION
Previous studies have shown that there is both a morphological (Booth, Hay & Dott, 1973) and biochemical (Patterson, 1968; Booth, 1975) sexual dimorphism in the submaxillary salivary gland of the domestic pig. In the pig, as in some other species, this sexual dimorphism appears to be androgen-dependent (Booth, 1972) . The physiological significance of the increased development of certain cells and the raised levels of metabolites in the submaxillary gland of some male rodents (Berkman & Kronman, 1970; Dunn & Wilson, 1975; Smith & Frommer, 1975) is unknown. However, in the male pig, this phenomenon is associated with the secretion of 16-unsaturated C19 steroids into the saliva (Gower, 1972) , from whence they subsequently act as pheromones (Reed, Melrose & Patterson, 1974) .
Both histochemical (Booth et al. 1973; Flood, 1973) and biochemical (Katkov, Booth & Gower, 1972 ; Kadis & Chyn, 1975) studies have shown that the submaxillary gland of the pig contains enzymes which are known to be involved in the metabolism of C]9 steroids. There has been some speculation that in the boar, the production of testosterone by the testis may be only partially responsible for full androgen activity in this species (Lindner, 1961) . High levels of dehydroepiandrosterone (DHA), 5-androstene-3/?,17/?-diol and their respective sulphates are present in boar testes and spermatic venous blood (Baulieu, Fabre-Jung & Huis in't Veld, 1967 ; Raeside & Howells, 1971; Ruokonen & Vihko, 1974; Booth, 1975) , and both DHA and 5-androstene-3/?,17/?-diol are known to be precursors of testosterone in mammalian testes (Eik-Nes, 1975 
Unlabelled steroids
These were purchased from Sigma (London) Chemical Company Ltd, Kingston-uponThames, Surrey, for use as carrier steroids and also for recrystallization purposes. All organic solvents were redistilled before use and the preparation of the thin-layer and paper chromatography systems has already been described by Booth (1972) . Approximately 1 /¿Ci of labelled substrate was added to a conical flask (25 ml) and the solvent was removed under a stream of nitrogen at 45°C. Sucrose/HEPES medium (2 ml) containing the appropriate cofactors (each 1 mg/5 ml) was added to the flask and the whole flask pre-incubated for 5 min at 37°C in a shaking water bath. Then 1 ml of the homogenate was added to the flask and the incubation continued for 1 h. A control flask containing 1 ml boiled homogenate was included in each experiment.
Extraction and purification of steroids After 1 h the incubation samples were cooled and then extracted with diethyl ether. The ether extracts were then added to tubes containing carrier steroids (20 pg each). A sample was taken for scintillation counting (initial counts) on a Packard scintillation spectrometer (Model 3380) using a toluene-based scintillation fluid (5 ml). The remaining extracts were purified by a combination of thin-layer chromatography, acetylation using pyridine and acetic anhydride (1:1, v/v) overnight or at 60°C for 1 h, and paper chromatography (see Table 1 ). Labelled metabolites were located on chromatograms with a scanner, Model RTLS-1S (Panax, Mitcham, Surrey, England); an attachment RCMS-3 was used for scanning paper chromatograms. After the final purification of each product, a sample was taken for scintillation counting and one tenth of each metabolite fraction was subjected to gas-liquid chromatography for the determination of carrier steroid using a series 104, Model 64 dual-flame ionization detector Chromatograph (Pye-Unicam, Cambridge, England); for further details see Booth (1972) . Yields of radioactive metabolites were determined after taking into consideration the recovery value of carrier steroids. After gas-liquid chromatography, the remainder of each metabolite was recrystallized to constant specific activity after the addition of 30-50 mg of authentic steroid. The mass of steroid in the crystals and mother liquors was determined by gas-liquid chromatography.
Experiments
Three experiments were carried out to investigate the potential of the submaxillary gland of the mature boar to metabolize C19 steroids. The first experiment was concerned with the metabolism of C19 steroids using an homogenate prepared from submaxillary glands which had been stored at -80°C for 3 months (see Table 2 ). The second experiment was similar to the first (see Table 3 ), but the submaxillary glands had been stored at -80°C for only 24 h. Additional substrates were used to investigate both CJ9 steroid sulphatase and aromatase activities in the submaxillary gland of the mature boar. The third experiment (see Table 4 t Includes epitestosterone (see Table 3 ). The submaxillary glands had been stored at -80°C for 3 months before use. (Domínguez, Valencia & Loza, 1975) , but no sulphatase activity was demonstrated. After ether extraction of the incubations with 3H-labelled DHA, 5-androstene-3/?,17/?-diol, androstenedione and testosterone, Brown's partition (Brown, (1955) was used to separate oestrogen from neutral steroids; subsequent chromatography showed that oestrogen had not been formed.
with the RF value of the unlabelled authentic steroid on thin-layer and paper chromatograms, and finally by recrystallization to constant specific activity (Table 5) . In experiments 1 and 2, the incubations with [7a-3H]DHA produced the most metabolites of which androstenedione and the weakly androgenic 5a-reduced steroids 5a-androstane-3, 17-dione and androsterone were the major products. However, significant yields of test¬ osterone and epitestosterone were obtained together with smaller yields of 5a-dihydrotestosterone and 5a-androstane-3a,17/?-diol. A significant amount of radioactivity corresponding to unidentified polar material was also found. There was little evidence for the formation of 5-androstene-3/?,17/?-diol from DHA, but when used as substrate, [la,2a-3H] testosterone produced one predominant metabolite, 5a-androstane-3a,17/?-diol, and much smaller quantities of androstenedione, 5a-dihydrotestosterone and androsterone. Similarly, the major metabolite of [1 ,2 -3 ]-5a-dihydrotestosterone was 5a-androstane-3a,17/?-diol and a lesser amount of 5a-androstane-3/?,17y#-diol was also formed. Conversely, when incubations were carried out with both 3H-labelled androstanediols, 5a-dihydrotestosterone was a major metabolite but an even greater yield of 5a-androstane-3a,17/?-diol than 5a-dihydrotestosterone was obtained from the 3/?-epimer. There was no evidence for the formation of oestrogens in any of the incuba¬ tions. The results of experiment 3 (see Table 4 ) show that both unconjugated oestradiol-17/? and oestrone, particularly at the higher concentration, led to an increased formation of androstenedione associated with a slight reduction in the formation of 5a-dihydrotestosterone from [la,2oc-3H] testosterone. All incubations in the presence of unconjugated oestrogens (with the exception of 10/tg oestradiol-17/?), and oestrone sulphate, resulted in a con¬ siderable reduction in the formation of 5oc-androstane-3a,17/?-diol from 3H-labelled test¬ osterone. The control incubations without added oestrogen resulted in the formation of similar amounts of androstenedione, 5a-dihydrotestosterone and 5a-androstane-3a,17/?-diol to those found in experiments 1 and 2. In all control incubations with boiled homogenates, the 3H-labelled substrates remained unchanged.
DISCUSSION
The finding that [7a-3H]DHA was readily converted to androstenedione by homogenates of boar submaxillary gland is in keeping with the observations of Flood (1973) and Booth et al. (1973) who demonstrated histochemically the presence of 3/?-hydroxy,5-unsaturated steroid dehydrogenase in the submaxillary glands of pigs, particularly in the glands of mature boars. Furthermore, in the present work [7a-3H]androstenedione was converted to testosterone, thus demonstrating the presence of 17/?-hydroxysteroid dehydrogenase which has previously been found in the salivary glands of the pig (Kadis & Chyn, 1975) and of other species, e.g. rat and mouse (Baldi & Charreau, 1972) , rabbit and man (Cardinali, Denari & Rosner, 1971) , man (ElAttar, 1974) and dog (Mosadomi & Ofner, 1976) . However, the finding that 3H-labelled DHA and androstenedione were converted to relatively large yields of 5a-androstane-3,17-dione and androsterone indicates that the submaxillary gland of the boar also has the capacity to limit the production of potent androgens. The finding that 3H-labelled DHA and androstenedione were also converted to epitestosterone is another means whereby the submaxillary gland of the boar could deactivate androgens in vivo. It is possible that this potential of the submaxillary gland of the boar to metabolize steroids to either more potent or weaker androgens, might be utilized in vivo to control the specific requirements of its cells for androgens. The substrate that was most readily converted to testosterone was [7a-3H]5-androstene-3/?,17/?-diol, again demonstrating the presence of 3/?-hydroxy,5-unsaturated steroid dehydrogenase, C5-Q-unsaturated isomerase. The formation of testosterone from 5-androstene-3/i,17/?-diol and DHA is interesting in view of the fact that these are major products of the boar testis (Booth, 1975) . Therefore it is tempting to speculate that in vivo these C5-unsaturated steroids might act as significant prohormones for more potent androgens in the sub¬ maxillary gland of the boar. However, although DHA is present in the peripheral blood of the boar (Baulieu et al. 1967) , evidence for free 5-androstene-3/?,17/?-diol (Baulieu et al. 1967 ; Raeside & Howells, 1971; Ruokonen & Vihko, 1974; Booth, 1975) , but the evidence gained from experiment 2 showed that these steroid sulphates were not converted to free steroids in vitro.
The metabolism of [la,2a-3H] testosterone was primarily to 5a-reduced metabolites with retention of the 17/?-hydroxy group and reduction of the 3-oxo group, and the formation of some androstenedione demonstrated that in the boar submaxillary gland 17/?-hydroxy¬ steroid dehydrogenase is reversible. It is suggested that when testosterone is metabolized primarily to androstenedione as in the submaxillary gland of the dog (Mosadomi & Ofner, 1976) and the rat (Baldi & Charreau, 1972) , that the gland in these species is not a significant androgen target organ, and morphological observations tend to support this hypothesis. How¬ ever, when testosterone is primarily reduced to 5<x-products with retention of the 17/?-hydroxy group, this is usually associated with tissues which are known to be a target for androgens (Baulieu, Lasnitzki & Robel, 1968; Ofner, Leav & Cavazos, 1974) . The results from the incubations of boar submaxillary gland fit into this latter category and support the earlier work by Booth (1972) and Booth et al. (1973) which indicated that the submaxillary gland of the boar is a target organ for androgens. The yield of 5a-dihydrotestosterone was small considering the large accumulation of this steroid in vivo in the boar submaxillary gland (Booth, 1972) . However, the evidence shows that 5a-dihydrotestosterone was readily metabolized to the epimeric androstanediols in vitro.
Biochemical evidence for the presence of 5a-reductase, 3a-hydroxysteroid dehydrogenase and 3/?-hydroxysteroid dehydrogenase in boar salivary glands was found earlier when radioactively labelled 16-unsaturated C19 steroids were incubated with both boar sub¬ maxillary and parotid gland minces (Katkov et al. 1972 ). Kadis & Chyn (1975) also found evidence for 3a-hydroxysteroid dehydrogenase in pig submaxillary and parotid gland homogenates. However, the products which were found in incubations with radioactively labelled testosterone were androstenedione and 4-androstene-3a,17/?-diol with no evidence of 5a-reduction. An explanation of the difference between the findings of Kadis & Chyn (1975) and the results reported in this paper could be that these authors used glands from relatively immature pygmy pigs and normal castrated animals. In the present work oxidation of the androstanediol fractions with chromic acid produced only 5a-androstane-3,17-dione, thus confirming the absence of 4-androstenediols.
The interconversion of 5a-dihydrotestosterone and androstanediols found in the incu¬ bation of boar submaxillary gland, has been reported previously for the rat prostate « vitro and in vivo (Krieg, Horst & Sterba, 1975) and for human hypertrophied prostates in vivo (Horst, Dennis, Kaufmann & Voigt, 1975) . These authors suggest that the biological potency of the androstanediols may depend upon their conversion to 5a-dihydrotestosterone, particularly when a specific receptor for 5a-dihydrotestosterone but not for the androstane¬ diols has been found in rat accessory organs (Calandra, Podestà, Rivarola & Blaquier, 1974; Krieg et al. 1975) .
The presence of exogenous oestrogens significantly altered the pattern of testosterone metabolism in the incubations with boar submaxillary gland. The reduction in 5a-reductase activity has also been found in rat prostate incubations, when concentrations of free oestrogen similar to those in the present work were used (Hoisaeter, 1975) . The most interesting finding was that oestrone sulphate had no obvious effect on the accumulation of androstenedione and 5a-dihydrotestosterone, but there was a marked reduction in the formation of 5a-androstane-3a,17/?-diol, similar to that brought about by free oestrogen. The possibility that these findings might have some significance in vivo gave rise to a hypothesis which has been substantiated by certain findings made recently in the author's laboratory. Total unconjugated oestrogen concentrations in the peripheral blood of mature boars, as determined by radioimmunoassay, were invariably higher (> 100 pg) than those found in oestrous female pigs, and the concentrations of oestrone sulphate were present in nanogram quantities. Therefore it is possible that although certain accessory organs of the boar may require oestrogen as well as androgen for their normal activity (Joshi & Raeside, 1973) , the submaxillary gland is protected from the effect of free oestrogen on 5a-reductase activity by the oestrogen existing primarily as oestrone sulphate. It is pertinent to recall here that no steroid sulphatase activity was found in the sub¬ maxillary gland homogenates, but this enzyme might be present in accessory organs, or that these organs may have a low threshold response to free oestrogen.
In conclusion, the submaxillary gland of the mature domestic boar has all the enzymes necessary to convert relatively inactive androgen precursors to potent androgens; in this respect the gland is similar to human skin (Mauvais-Jarvis, Kutenn & Gauthier-Wright, 1976; Sharp, Hay & Hodgins, 1976) .
Further work is in progress to investigate the potential of the pig submaxillary gland to metabolize androgens in relation to age, sexual status and genotype of the animal.
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